
Euay Two

Keeping Ti me

F.o* b.for. recorded history, people have used events in the
rir*rl€ns to mark the passage of time. The day, the month, and
iite rear were all originally defined in terms of obvious astro-

m:nical phenomena. The daywas the time interval from sun-

rse to sunrise. The month was the interval from new moon to
mrsil moon. The year was the time it takes for the Sun to com-
prcte one circle of the zodiac. Astronomical events are not per-
d[-t time markers, however: even the day and year need to be
,,rtlp:ned with care if we are to have reliable clocks and calen-
,m:'. Otherwise, we may end up with snow in "summer" and

m:rt \Yaves in "winter."

tcngth of rhe Doy'ighr Hours
.+;r:ough each day lasts 24 hours, the number of hours of
m,rliight, or the amount of time the Sun is above the horizon,
,nrrnges drastically throughout the year unless you are very
,;a:r:e to the equator. For example, in northern middle lati-
mmces, including most of the United States, southern Canada,

lmc Europe, summer has about 15 hours of daylight and only
4 :ours of night. In the winter, the reverse is true.

'.intr in nuutb(r o/ houru ,,/ )ayli11bt &' r'kLtonr il)ttil.q(

This variation in the number of daylight hours is caused by
mm* tarth s tilted rotation axis. Remember that as the Earth
muir\ies around the Sun, its rotation axis points in roughly a

tfosrl direction. Thus, the Sun shines more directly on the
}i{:rthern Hemisphere during its summer and less directly dur-
nlrg rrs winter. The result (as you can see in fig. E2. 1) is that only
,ru u=all part of the Northern Hemisphere is unlit in the sum-
mme. but alarge part is unlit in the winter. Thus, as the Earth's

nrmmtion carries us around, only a relatively few hours of a sum-
mr day are unlit, but a relatively large number of winter hours
rme dark. Figure E2.1 also shows that on the first day of spring
Mr autumn (the equinoxes), the hemispheres are equally lit, so

rtfou: day and night are of equal length everywhere on Earth.
li'rve change our perspective and look out from the Earth,

,me -e that during the summer, the Sun s path is high in the

run:r, >o that the Sun spends a larger portion of the day above

ttnc horizon. This gives us not only more heat but also more

{nNo
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hours of daylight. On the other hand, in winter the Sun s path
across the sky is much shorter, giving us less heat and fewer

hours of light.

The Doy
The length of the day is set by the Earth's rotation speed on its

axis. Qne day is defined as one rotation. However, we must be

careful how we measure our planet's rotation. For example, we

might use the time from one sunrise to the next to define a

day. That, after all, is what sets the day-night cycle around
which we structure our activities. However, we would soon

discover that the time from sunrise to sunrise changes steadily

throughout the year as a result of the seasonal change in the

number of daylight hours. A better time marker might be the

time it takes the Sun to move from its highest point in the sky

on one day (what we technically call apparent noon) to its
highest point in the sky on the next day-a time interval that
we call the solar day.

If we measure the length of the solar day, however, we will
discover that it is, in general, not exaciy 24 hours. Moreover,

its length changes by several minutes over the course of the

year. As we will discover later, this variation arises from the

Earth's motion around the Sun. Thus, although the Sun's

motion across the sky determines the day-night cycle, the
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FIGURE E2.I
The tilt of the Earth affects the number of daylight hours. Locations near the equator always receive about 12 hours of daylight, but locations
toward the poles have more hours of dark in winter than in summer. In fact, above latitudes 66.5", the Sun never sets for part of the year and

never rises for another part of the year (the midnight sun phenomena). At the equinoxes, all parts of the Earth receive the same number of
hours oflight and dark.

Sun's motion is nota good reference for the actual time it takes

our planet to complete one spin.
We can avoid most of this variation in the day's length if,

instead of using the Sun, we use a star as our reference. For
example, if we pick a star that lies exactly overhead at a given
moment and measure the time it takes for that same star to
return to exactly overhead, we will find that the time interval is

nol 24 hours but an essentially unchanging 23 hours and
56 minutes. This day length, measured with respect to the
stars, we call a sidereal day.

Why do the solar and sidereal day differ in length? We can

see the reason by looking at figure E2.2, where we measure the
interval between successive apparent noons-a solar day. Let
us imagine that at the same time we are watching the Sun, we

can also watch a star and that we measure the time interval
between its passages overhead, a sidereal day.

As we wait for the Sun and star to move back overhead, the
Earth moves along its orbit. The distance the Earth moves in
one day is so small compared with the star's distance that we

see the star in essentially the same direction as on the prer-iors
day. However, we see the Sun in a measurably different dilcr-
tion, as figwe 82.2 shows. The Earth must therefore rotat: r,

bit more before the Sun is again overhead. That extra rotatic,m*

needed to compensate for the Earth's orbital motion, ma[s
the solar day slightly longer than the sidereal day.

It is easy to figure out how much longer on the average iu
solar day must be. Because it takes w 365% days to orbit :re
Sun and because there are by definition 360 degrees in a ci-r;

the Earth moves approximately 1 degree per day in its oi
around the Sun. That means that for the Sun to reach its
position, the Earth must rotate approximately 1 degree pa-.:

position at the previous noon.* In 24 hours : 24 x 60 : 1{
minutes, the Earth rotates 360 degrees. Therefore, to rci

*Another way of thinking about this is that the Sun is slowly moving ea-r

across the sky through the stars at the same time the Earth is rotating. T::,
a given "day,'the Earth must rotate a bit more to keep pace with the Su:
it would to keep pace with the stars.
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Doy l_Noon with respect to lhe stor.

Sun overheod ond (Stor is bock overheod,

.to. overh.oJ 
- but the Sun isn,t.)

82.2

I degree takes 1440/360 minutes, or about 4 minutes. The
solar day is therefore about 4 minutes (3 minutes 56 seconds,
to be precise) longer than the sidereal day.

As mentioned earlier, the motion of the Earth around

f_g 
Sun alters the length of the solar day. If you measure care_

fully the time interval from one apparent noon to the next, in
general, it is not 24 hours but may differ slightly either
way. This variation arises because the Earth,s orbit is not cir_
cular, and therefore, our orbital velocity changes according to
Kepler's second law.

The Earth moves along its orbit faster when it is near the
Sun and slower when it is farther away. This means that it
takes a little longer for the Earth to swing you around into
the morning Sun (slightly lengthening the interval between
successive noons) when the Earth is moving rapidly in its
orbit than when it is moving slowly (fig. EZ.:). Hence, the
solar day is longer when we are near the Sun and shorter
when we are farther away. The amount bywhich the length of
the solar day varies is small, but it must be accounted for if
our clocks are to always read about noon when the Sun is
highest in the sky.

We could design clocks so that the hour is of different
lengths at different times of the year. That could be done to

To stor

hgth of the day measured with respect to the stars is not the
as the lengh measured with respect to the Sun. The Earth,s

mfuiml motion around the Sun makes it necessary for the Earth to
mme a tinybit more before the Sun will be back overhead. (Motion
iix xpggerated for clarity.)

'ihu 
the Earth moves around the Sun, its orbital speed changes as a result of Kepler's second law of motion. For example, the Earth moves fasterfrn lanuary when it is near the sun than in /uly when it is far from the Sun. Thus, in 24 hours the Earth moves farther along its orbit in Jaruarynffi'" in luly' As a result, the-Earth must turn slightly more in January to bring the sun back to overhead. This makes the interval betweenmcessive noons longer in ]anuary than in fuly and means they are not exacily 24hours. For that reason, time is kept using a 

..mean 
sun,, thatmo1-es across the sky at the real Sunt average rate.
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FIGURE E2.4

The equation of time is the correction that must be applied to the
true Sun to determine mean solar time. It can be shown as a graph
(left) or as a figure-8 shape called an "analemma."

ensure that our clocks advance to conform with the changing
length of the solar day. However, it is much easier to define the
length of the day differently, using not the true interval from
one apparent noon to the next, but the averagevalue ofthat in-
terval over the year. That average daylength is called the mean
solar day, and it has, by definition, 24 hours of clock time. We
therefore use mean solar time in our dailytimekeeping.

The difference in length between the mean solar day and
the true solar day accumulates over time and leads to a differ-
ence of several minutes between clock time and time based on
the position of the Sun. This difference is called the ..equation

of time" and is shown graphically in figure E2.4. The equa-
tion of time gives the correction needed on a sundial if it is to
give the same time as your watch.

Although we use solar time in regulating our daily activi-
ties, astronomers find sidereal time extremely useful. One rea-
son is that, at a given location, a given star always rises at the
same sidereal time. To avoid the nuisance of e.lr. and r.M.,
sidereal time is measured on a 24-hour basis. For example, the
bright star Betelgeuse in the constellation Orion rises at about
10 p.lr. in November but at about 8 p.lr. in December. How_
ever, on a clock keeping sidereal time, it always rises at the
same time at a given location, about23 hours 50 minutes.

Time Zones
Because the Sun is our basic time-keeping reference, most
people like to measure time so that the Sun is highest in the sky
at about noon. This is unnecessary now that we have good
electronic clocks that can keep time independent of the Sun.
Nevertheless, it is a tradition that is hard to break, and as a
result, clocks in different parts of the world are set to read
different times. Because the Earth is round, the Sun can't be
"overhead" everywhere at the same time, so it can't be noon
everpvhere at the same time.

The Earth is therefore divided into 24 major time zones in
which the time differs by one hour from one zone to the next.
There are a few exceptions, but we'll ignore them here.

Across the contiguous 48 United States, the time zones
from east to west, Eastern, Central, Mountain, and pacific

fig. E2.5). The time within each zone is the same and is
standard time. Thus, in the eastern zone, the time is
Eastern Standard Time (EST), whereas in the central zone"
denoted Central Standard Time (CST). As you travel
the country, it is therefore necessary to reset your watch if
cross from one time zone to another, adding t hour for
time zone as you move from west to east and
I hour when you move from east to west.

If you travel a very large number of time zones, you
need to make such a large time correction that you shift;
watch past midnight. For example, if you could travd
enough and far enough, setting your watch back each time
cross a time zone, you could end up at your starting point
your watch set to a time 24 hours before you left!

A high-speed traveler cannot actually "gain" a day,
becausewhenyou cross longitude 180. (roughlydown the
dle ofthePacific Ocean),you add a dayto the calendarif
traveling west and subtract a day ifyou are traveling easL
precise location where the day shifts is called the in
date line (fig. EZ.5). It generally follows 180o longitude
bends around extreme eastern Siberia and some island
to ensure they keep the same calendar time as their nei

Universol Time
The nuisance of having different times at different
can be avoided by using Universal time, abbreviated as U

\o)
=<

oooo_o --o 3 _otroE.c
ouoo:n>o3*" 2 3

Universal time is the time kept in the time zone containing
longitude zero, which passes through Greenwich, England_
using Ul which is based on a24-hour system to avoid
sion between A.M. and p.M., two people at remote locations
decide to do something at the same time without
about what time zone they are in.

Doylight Soving Time
ln many parts of the world, people set clocks ahead of stmr
da.rd time during the summer months and then back again
standard time during the winter months. This has the eff,soU

of shifting sunrise and sunset to later hours during the dry
thereby creating more hours of daylight during the time mm
people are awake. Time kept in this fashion is therefore cellst
daylight savingtime in the United States. In other parts of dm
world, it is called "summer Time."

Daylight saving time was originally established durius
World War I as a way to save energy. By setting clocks ahead,ler
artificial light was needed during work hours late in the dm.
Nowadays, it allows us more daylight hours for recreation aftrr
work during the summer.

Daylight saving time in the United States currently nm
from the first weekend in April to the last weekend in Octob6.
However, many people advocate extending it a month earlisr
and later. This would presumably save energy by lessening *ilJ
more the need for artificial light during waking hours.
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T,r:= zones of the world and the international date line' Local time :

The Month
T:: davwith its 24 hours is excellent for keeping track of short

p,cl-odi of time, but for longer intervals, longer time units are

*;n f.Of these other units, the month is the next largest unit

rus.J by nearlY all cultures.

r. j'ou know from looking at a calendar, the month is usu-

arl; about 30 days long' This time interval, and its name'

cr='es from the Moonls cycle of phases' The time interval

r€:',,-een full moons is about 29'5 days, which for use on the

;lr..;ndar is rounded off to 30. Because the year has about 365

ru;. in it, there are about 12 lunar cycles per year' That is the

r*::on that we have 12 months in the year'

trbu will notice, however, that 12 lunar cycles of 30 days

cJs up 5 days short of a full year' For that reason' some of the

rrnths are made 31 days long. In fac].,rf every other month'

s-,jrting with fanuary, were a 3l-day month, the year would

a::ai :Ze days. To make the days add up to 365' February is

:--mmed I daY,to29.

Universal time - numbers on top or bottom of chart'

But, you protest, that is not the way the calendar looks'

Althougir lanuary, March, May, and |uly have 31 days' the

,.qr..rl. is broken in the later months' You see at work there

the politics of ancient Rome.

The Cqlendor
Our calendar is based on one developed about 200 s'c' by the

Romans. In fact, the word calendar is itself of Roman origin'

There is some controversy about how the original Roman cal-

endar was organized. It may have had only 10 months' and it

probably began on the first day of spring (the vernal equinox)

rather than in )anuarY.
Certainly the names of our months date from that calendar

and its modifications. For example, if the year began in March'

then September, October, November, and December were the

7th (se;t.), 8th (oct.), 9th (Nov.), and 10th (Dec') months'

resPectivelY.
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Because it did not contain the right number of months and
days to match the astronomical phenomena, this original cal_
endar became a form of political patronage. The prlsts who
regulated the calendar would add days and even months to
please one group, and take days off to punish another. Such
confusion resulted from these abuses that in 46 n.c., Julius
Caesar asked the astronomer Sosigenes to design a calendar
that would fit the astronomical events better and give less
room for the priests and politicians to tinker with it. The
resulting calendar, known as the |ulian calendar, consisted
of 12 months, which with the exception of February, alter_
nated between 31 and 30 days in length.

The fulian calendar barely survived Caesar before the
politicians were at it again. First, the name of the seventh
month was changed to Julio to honor lulius Caesar_hence
our ]uly. Next, on the death of |ulius Caesar,s successor,
Augustus Caesar, a very able and highly respected leader, it was
decided to name the eighth month in his honor_hence, the
name August. However, because it would have been impolitic
to have his month a day shorter than fuliust, August became a
3l-day month, and all the following months had the number
of their days changed to maintain the alternation. Unfortd_
nately, this led to using up one more day than there were days
in the year. Thus, poor February, already one day short, was
trimmed a se-cond day,leaving it with only 2g days. With only
minor modifications, this is the calendar we use today. How_
ever, those modifications are important, as we will see.

leop Yeor
The ancient Egyptians knew that the year is not exactly 365
days long. It turns out that it takes about 365 and ] days for the
Earth to complete an orbit around the Sun, which is how we
measure a year. Because we can,t have fractions of a day in the
calendar, a calendar based on ayear of 365 days will come up
1 day short every 4 years.

Your first reaction might be, So what? However, the seasons
are set by the orientation of the Earth,s rotation axis with
respect to the Sun, not by how many days have elapsed. We
therefore want to make sure that we start each year with the
Earth having the proper orientation. Otherwise, the seasons
get out of step with the calendar. For example, because in
4years you will lose 1 day, in 120 years you wii lose a month,
and in 360 years, you will lose an entire season. With a365_day
year, in a little over three centuries, April would be coming in
what is now January.

This problem is corrected by leap year, a device used by the
ancient Romans to keep the calendar in step with the seasons.
Leap year corrects by adding a day to the calendar every fourth
1e_ar ]he extra day is traditionally added to February tecause
it is the shortest month.

Urrfortunately, the year is actually a little bit shorter than
365 f days. Thus, leap year corrects a tiny bit too much. To deal
with this problem, centuries that are not divisible by 400 are
not leap years. Thus, 1900 was not a leap year, but 2000 was.
This modification of omitting leap year' for all century years

httn'//tn^^^^, -hh^ -^- r^ -.^..

not divisible by 400 was not part of the Julian calendar but r,rqr
added in 1582 atthe direction ofpope GregoryXIII. Thecrfl_
endar we use today is thus known as the Gregorian calendr.

The inauguration of the Gregorian calendar in 15g2 rmr
not a peaceful affair. Because it was adopted roughly l6ffiI
years after the Julian calendar, the error in the length of &c
year had grown to about 10 days. To bring the calendar ba&
into synchrony with the seasons, pope Gregory simply elimil
nated 10 days from the year 15g2 so that the day after Oaobsr
4 became October 15.

Allho_ugl the changeover went smoothly in most plaoer,
non-.Catholic countries such as protestant England refused m
abide by the Pope's edict. The calendar in Engllnd and in a fw
other northern European countries was not altered. This made
commerce between Catholic and non-Catholic countries \tf,,m
difficult because the day and sometimes even the month anfrl
year were different from one country to the next.

nLenlyally, the Gregorian calendar was adopted essen.,-r[f
worldwide, but the change was not made irrEngl2nd ,,nr$l
1752.* InRussia, the change was not made untit the revolutimr
in the early part of this century. Other countries (Greece ,nt
Turkey, for example) changed in the 1920s.

Religious Cqlendors
Although the Gregorian calendar is used nearly worldri\
many religions use traditional calendars for setting their ferru
and holy days. Two of the best known examples are the Ier*ft
and Muslim calendars, which are particularly interesting b
astronomers because of the role played in them by the hlm
cycle.

The Muslim calendar is in fact a purely lunar one consir&
ing of 12 months of either 29 or 30 days. The year thus coilF
out about 11 days shorter than those in the Gregorian caleur^
dar. This means that the Muslim calendar is totally our d
synchrony with the seasons. As a result, the holy month d
Ramadan can fall at any time during the year, irrespectire of
the, season. This may seem odd to people living in climac
with strong seasonal variations, bur foi people living in fte
Middle East where seasons are very ur..muikuble, ii mahn
Iittle difference.

Likewise, the Jewish calendar is based on the lunar rycle- h,
correct for the missing days, from time to time an extra mornilr
is added in the middle of the year to keep it in step with the
seasons. The ]ewish calendar is especially interestlng astro_
nomically because it begins near the autumnal equinox and
the extra month is added near the vernal equinox. Also, tre
holy days ofYom Kippur and passover are iocated near th
equinoxes, a feature shared by the Gregorian calendar, wherdnr
Easter is near the vernal equinox (actually the first Sundar
after the first full moon after the equinoxj and Christmas i
near the winter solstice.

*This elimination of some l0 days from the calendar supposedly led to ricm
by people fearing they would be charged a full month,s rent for onlv ZO aam"
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Otlrer Cqlendqrs
-4;other calendar of note is the Chinese one, which, like

mrc Jervish calendar, combines lunar and seasonal aspects' The

iCLinese calendar is based on a 365.2444-day year broken up

rfu:o 6 rycles of 60 days. The years are themselves grouped into
(ful*rear cycles composed of 5 cycles repeating every 12 years'

Tie r-ears in each l}-yeat cycle are given names such as the Year

m,r -Ie Rat, the Year of the Dog, and so forth. Days and months

cu'e added so that it works out to match the cycle of the seasons'

J{omes of the Months ond DoYe
Taat there are seven days in the week is probably a result of
rfr:ere being seven visible objects that move across the sky with

lrespect to the stars: the Sun, the Moon, Mercury, Venus, Mars,

llftopiter, and Saturn. We can see the names of some of these

lho^tries in our English day names (Sunday, Monday, and Satur-

6r-i. The influence is even clearer in the romance languages,

ach as Spanish (lunes, martes, midrcoles, jueves, viernes) '

Some English day names come to us through the names of
r-,rrmanic gods (many of whom have a direct parallel with the

ul:eco-Roman gods after whom the planets are named)' For

mample, Tuesday is from Ti w, god of war, like Mars (matching

Sr"aniih martes). Wednesday is named for Woden, the chief

god of Germanic peoples and identifled with the Roman

M.r.r.y (matching Spanish midrcoles).Thursday is named for

Thor,thethunder god (matching Spanish jueles, '|ove's day')'

Friday is named for Freya, alove goddess, like Venus (matching

viernes).
The names of the months have less certain origins'

Thble E2.1 lists possible origins.

The Abbreviotions A.M.7 P.M.7 B.c., qnd A.D.

Four abbreviations are used frequently in the measure of time

and calendars. They are the familiar letters e..u., P'M', B'c', and

e.p. The first two have specific astronomical meaning' The last

two have cultural meaning.

a.u. and P.M. stand for "ante meridian" and "post merid-

ian," respectively. The meridian is the line passing from due

north to due south and passing directly through the point ex-

actly overhead (also called the zenith).

As the Sun moves across the sky, it crosses the meridian at the

time called apparent noon. Before noon, it lies before (ante) the

meridian. After noon, it lies past (post) the meridian' Hence,

.t.rr,t. and p.vt.

s.c. itands for "before Christ,".referring to the year of His

birth. Oddly, there is no convention as to whether 1 s'c' refers

to the year before or the year of his birth, although most histo-

rians make it the year of his birth to avoid having a year "0'"

A.D. stands, not for "after death," but for anno Domini,

meaning "in the year of the Lord." The term e"p' was intro-

duced by the sixth-century monk Dionysius Exiguus, about

A.D. 528, in his attempts to trace thp chronology of the Bible'

Recently, two different abbreviations have begun to replace

e..o. and r.c. They are s.c.s. and c'r., which stand, respectively,

for "before common era" and "common era." "Common era"

refers to our present calendar, which is used nearly worldwide

for most business purposes and thereby avoids reference to a

particular religion. Yet another abbreviation-s'p'-is used,

especially in anthropological and geological works' s'p' stands

foi "before present (era)" and is used for dates determined by

analyzing the radioactive carbon in the object of interest' It

takes 1950 c.E. as its base Year.

Summory
Our system tor keeping time is based on the motion of the

Earth, Moon, and Sun. The day is determined by the Earth's

spin,the monthbythe Moon s orbital motion aroundthe Earth,

and the year by the Earth's orbital motion around the Sun'

The solar day is based on the time interval between one

apparent noon and the next. The sidereal day, or the interval

b.iw..n the time of star-rise for a given star and the time of its

next rising, is about 4 minutes shorter than the solar day' This

differencs arises because, as the Earth moves along its orbit,

the direction to the Sun shifts slightly' We must therefore wait

a little longer to allow the Earths rotation to carry us into the

same position with respect to the Sun.

Time zones divide the Earth into regions such that the time

differs by I hour (in general) from zone to zone' The resulting

Jonus (gote), the two-foced god

looking to the post ond future;

hence, beginnings.

Februo, (expiotory offerings).

The god Mors.

Eiruscon opru (April), ProboblY
shortened from the Greek

Aphrodite, goddess of love ond
eorlier of the underworld.

Moio's month; Moio ("she who
is qreot"), the eldest of the

fle]odes ond the mother of
Hermes by Zeus.

Junius, on old Romon noble

fomily (from Juno, wile ond

sister of Jupitel equol to Greek

Hero).

Julius Coesor (Julius

"descended from JuPiter"; The

Ju of June ond July ore the

some: Jupiier, "Sky-fothey'')'

Augustus Coesqr (ougustus

meons socred, grond).

"seventh-month" to'tenth-
month." Ihe -ember mqy come

from the some root os monfh'
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time difference allows the Sun to be approximately at its high-
est point above the horizon at noon in each zone.

The Earth makes approximately 365.25 rotations in the
time it takes it to complete one orbit around the Sun. Thus,
every 4 years, an extra day accumulates, which in leap years we
add to the calendar as Februarv 29.

Queiliontfor Repiew

1. How is the solar day defined? How is the sidereal day defined?

2. Why do the sidereal and solar days differ in lengh?

3. 'vVhy do we need aleap year?

4. Why isn't the solar day always exactly 24 hours long?

5. What do A.M., p.M., A.D., and r.c. stand for?

6. Suppose you were asked to revise the calendar. What changes
would you make?

Te.tt Yourdelf

l. Suppose that the length of the year was 365.2 days instead of
365.25 days. How often would we have leap year? Every
(a) 2years.
(b) 5 years.
(c) 10 years.
(d) 20years.
(e) 50 years.

Suppose the Earth's rotation axis was not tilted with respect to its
orbit. How would the number of daylight hours change through-
out the year?
(a) The number would be no different.
(b) Days would be longer and nights shorter at all times of the

year.
(c) Days and nights would be of equal length throughout the

year.
(d) Days would be shorter and nights longer throughout the

yeaL
(e) None ofthe above

Why is February the shortest month?
(a) The Earth is moving most slowly in its orbit then.
(b) The Earth is moving fastest in its orbit then.
(c) The Earth spins faster in Februarythan at other times of the

year.
(d) The Earth spins slower in February than at other times of

the year.
(e) When the calendar was revised, days were taken from

February to make other months longer.

4. If on a given date the night is 24 hours long at the North
how many hours long is the night at the South pole?

(a) 24 hours
(b) 12 hours
(c) 36 hours
(d) 48 hours
(e) There is no night then.

5. On what day(s) ofthe year are nights longest at the equator?
(a) They are the same length throughout the year there.
(b) The solstices
(c) The equinoxes
(d) Approximately June 21
(e) Approximately December 2l
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